Introduction
Inflammatory processes are complicated responses of various tissues toward many kinds of noxious stimuli, including foreign bodies, pathogens and traumatic injuries. 1 Although these responses are beneficial, they may be associated with inflammatory diseases like rheumatoid arthritis (RA) and many other immune-mediated disorders when excessively initiated. 2 Currently, many pharmacological agents are clinically utilized for RA treatment, including disease-modifying drugs such as methotrexate and biological agents such as etanercept (Etan). 3 However, the adverse effects profile and cost burden limit their wide and successful use, particularly in poorly funded health care systems. 4 During RA pathogenesis, the excessive oxidative burden associated with the inflammatory response can amplify and worsen tissue damage associated with these responses. 5 Therefore, modulation of the oxidative damage, through targeting other pathways, may add further clinical benefits to the currently used anti-rheumatic agents. 6 The reninangiotensin system (RAS) is classically recognized as a regulator of the cardiovascular function with a primary role in controlling blood pressure. 7 However, much evidence submit your manuscript | www.dovepress.com
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Mahmood et al has emerged documenting the involvement of RAS in the inflammatory processes. 8 Moreover, angiotensin II (Ang II) is shown to activate pro-inflammatory mediators including NF-κB, with consequent exaggeration of inflammationmediated tissue damage. 9 Additionally, Ang II was involved in the upregulation of pro-inflammatory cytokines such as IL-1, IL-6 and TNF-α, 10 and accordingly, it may contribute to the pathogenesis of RA. It has been previously reported that in rats with adjuvant-induced arthritis, treatment with losartan attenuates cartilage tissue damage and improves the signs and symptoms of inflammation. 11, 12 In the present study, we aim to evaluate the clinical significance of the adjuvant use of azilsartan (Azil), an AT1 blocker, in patients with active RA maintained on etanercept.
Patients and methods
Patient recruitment and study design
A double-blind, placebo-controlled randomized pilot clinical study was performed with a 12-week treatment period over 14 months (from June 2016 to August 2017) at the Specialized Center of Rheumatology, Sulaimani, Iraq. Of the 47 patients screened for eligibility, 44 patients with active moderate to severe RA were enrolled (age range 18-69 years), based on 2010 ACR/EULAR criteria 13 and
Disease Activity Score-28 joint (DAS-28) $3.2. All patients showed inadequate response to oral methotrexate (MTX) (doses ranged between 7.5 mg/week and 25 mg/week for at least 3 months) at the time of screening eligibility for inclusion and were a candidate for initiation of treatment with Etan. The patients were switched to receiving Etan alone, and they initially treated with Etan concomitantly with the already administered dose of MTX, which was reduced and discontinued over a 2-week period. Then treatment with Etan was continued as monotherapy for the rest of the assigned treatment period (90 days). 14 The eligible patients were randomly allocated to either of two treatment groups in a 1:1 ratio: etanercept and placebo-treated (Etan + placebo, n=22) or to etanercept + azilsartan (Etan + Azil, n=22). Etanercept was administered by subcutaneous injection (50 mg per injection) once weekly, while the placebo formula and azilsartan (20 mg/day) were administered as single oral daily doses. The azilsartan (Apollo Healthcare Resources, Singapore) doses were prepared as capsule dosage form and administered as an adjuvant with the regularly used etanercept regimen (Amgen Inc., Thousand Oaks, CA, USA). Only 36 patients completed the study (Figure 1 ). The patients were instructed to continue their regular drug treatment schedule and were clinically observed every four weeks for any unusual adverse effects. 
Outcome measurement and follow up
At the time of inclusion, patients with one of the following characteristics were excluded: patients using nonsteroidal anti-inflammatory drugs 2 days before inclusion, hypersensitivity or severe adverse effects to the tested drugs, renal or hepatic damage, pregnant and breastfeeding women, juvenile RA, patients using disease-modifying anti-rheumatic drugs (DMARDs) other than etanercept or high dose steroids (prednisolone .10 mg/day, or its equivalent), patients using ARBs or ACEIs for treatment of hypertension, missing medication for two consecutive days, coexistence of other connective tissue disorders, and mild or inactive RA. To evaluate the clinical efficacy endpoints at baseline and at the end of 12-week treatment period, four instruments for clinical outcome assessment of the treatment were utilized, including the DAS-28, 15 simplified disease activity index (SDAI), 16 clinical disease activity index (CDAI), 17 and the health assessment questionnaire disease index (HAQ-DI) that assesses functional ability for eight subscales: arising, common daily activities, dressing, eating, grip, hygiene, reach and walking. Blood samples were obtained from each patient by vein puncture at baseline and the end of the study. Of the collected blood, 3 mL was kept in an ethylene diamine tetra-acetic acid tube to be used for measurement of erythrocyte sedimentation rate (ESR). The remaining blood was kept in a plain tube and left to coagulate at room temperature for at least 30 minutes, and centrifuged for 10 minutes at 4,000 rpm to obtain serum. Using ready-made enzyme-linked immunosorbent assay kits, the resultant serum was utilized for the measurement of C-reactive protein (CRP) (Demeditec, Kiel, Germany).
statistical analysis
All data were statistically analyzed using Graph Pad Prism 5.1 software (Graph Pad Software Inc., La Jolla, CA, USA). Continuous variables were presented as a mean±SD and discrete variables presented as numbers and frequencies. The Chi-square and Wilcoxon-rank tests were used for independence to test the significance of the association between discrete variables. The paired t-test was used to evaluate the difference between pre-and post-treatment values, while unpaired t-test was used to compare means of the two groups post-treatment. Moreover, one-way analysis of variance (ANOVA) was utilized to evaluate the significance of the difference between means of independent samples, and supported by Bonferroni's post hoc analysis. Values with P,0.05 were considered significantly different.
Results
At baseline, the data presented in Table 1 showed no significant differences between the two groups involved in the study regarding their demographic characteristics. In Table 2 , although the DAS-28 score was not significantly different at baseline, the result showed that both treatments significantly decreased the DAS-28 score; however, the combination of etanercept and azilsartan produced a significantly greater decrease in this score compared with etanercept and placebo. Meanwhile, the SDAI score was not significantly changed in the etanercept and placebo-treated group and the combination produced a significant decrease in this parameter compared with baseline and etanercept and placebo arm values after 90 days. Regarding the effects on the HAQ-DI score, the data indicated that the baseline values were not 
1382
Mahmood et al significantly different, and both treatments approach significantly decreased HAQ-DI score after 90 days of treatment; however, the addition of azilsartan produced a significantly greater decrease in this score compared with the use of placebo with etanercept. Moreover, Table 2 showed that both treatment approaches significantly decreased the CDAI score after 90 days of treatment, and the combination of etanercept with azilsartan produced a significantly greater decrease in the CDAI value compared with addition of placebo with etanercept. Table 3 indicated that both treatments approaches significantly improved TJC and SJC, with the prominent effect of the combination with azilsartan, where the decrease in TJC and SJC was significantly greater than that produced by etanercept and placebo. Regarding the effects on the VAS-100 score, both treatments approach significantly improved VAS-100 score, and their effects were comparable (P.0.05) after 90 days. Table 3 also showed that both treatments approaches significantly decreased the EGA score compared to the baseline values, and the combination with azilsartan produced superior effect compared with the use of placebo with etanercept (P,0.05). Moreover, the Etan-Azil combination significantly improved the duration of morning stiffness (P,0.05) compared with both the baseline value and the effect of combining placebo and etanercept, which did not show a significant effect in this regard ( Table 3 ). The influence of using placebo with etanercept or the combination of the later with azilsartan on the different functional areas of HAQ-DI was shown in Table 4 . The use of etanercept and placebo improves all functional areas except that of "Reach" and "Grip", compared with baseline values; while its combination with azilsartan improves all the HAQ-DI functional areas after 90 days of treatment, compared with baseline values (P,0.05). When both treatment approaches were compared, Etan + Azil was found to be superior over Etan + placebo regarding the effects on "Eat" and "Walk" areas (P,0.05). Figure 2 showed that Etan-Azil combination produced a significant decrease in ESR compared with baseline value, and also significantly different compared to the effect of Etan + placebo after 90 days. Meanwhile, both treatment approaches produced a significant decrease in serum CRP levels (P,0.05) compared with baseline values, and the addition of azilsartan produced superior effect compared with the use of placebo and etanercept ( Figure 3 ).
Discussion
Apart from its well-defined role as a cardiovascular function regulator, RAS is well recognized as a modulator of many physiological functions, including the inflammatory response and immune cell function. 18, 19 It has been reported that local RAS was highly expressed in various tissues and organs including the immune system cells and synovial tissues, which may generate Ang II concentrations many times more than that found in plasma. 20 Therefore, the locally elevated Ang II levels may enhance inflammatory disorders that may definitely predispose to arthritis-related degenerations. 21 Based on much evidence suggesting the anti-inflammatory activities of agents that block the RAS activity, including ACEIs and ARBs, [22] [23] [24] we evaluated the adjuvant use of azilsartan, one of the newly approved ARBs, with etanercept and the effect on the clinical markers of patients with RA patients poorly responding to methotrexate. In the present study, we demonstrated for the first time that co-administration of azilsartan with etanercept in the treatment of active RA may augment the efficacy of the later to improve the clinical marker score of the disease. In addition to improving ESR and serum CRP of the included RA patients, the reported improvement in the clinical score of the clinical evaluation systems produced by the addition of azilsartan to the treatment protocol was in tune with the previously reported anti-inflammatory activities of many other ARBs in vitro and in vivo. 25, 26 Moreover, the antiinflammatory activity of azilsartan is recognized in various animal models of tissue damage and inflammation associated with metabolic disorders. [27] [28] [29] Many inflammatory cytokines, such as TNF-α and IL-1β, were potentially involved in joint destruction, 30 the prominent symptom of RA. Recently, it has been reported that azilsartan reduced TNF-α and IL-1β levels in an animal model of oral mucositis; 31 although this finding is not directly correlated with the pathogenesis of arthritis, the outcome of this animal study encouraged our efforts toward performing the present clinical study. Based on the reported improvement in the clinical scores, the use of azilsartan may positively impact the process of tissue degeneration when administered for an extended period of time. This finding complies with many previously reported data, where blockade of RAS function decreases expression of many pro-inflammatory cytokines that may be attributed to different mechanisms, among them the suppression of reactive oxygen species (ROS) generation and downregulation of mediators involved in destructive inflammatory processes. 32, 33 Meanwhile, many reports have demonstrated that immune cells, including macrophages and T cells, expressed RAS components that effectively participated in the local production of Ang II. 34, 35 It has also been reported that AT1 receptors are expressed in the human synovium, 34 in addition to the increased angiotensin-converting enzyme (ACE) activity in the synovial fluid of RA patients. 36 In the present study, azilsartan enhanced the antiarthritic activity 37 Although the effect of azilsartan alone was not evaluated due to ethical considerations, its concomitant use with other antiarthritic agents may show promising results, and future studies with larger patient samples and longer duration are needed to elucidate the effective role of RAS blockade in this regard. Azilsartan or other ARBs that have a pleiotropic function are well-known to hinder certain types of inflammatory processes through inhibiting neutrophil migration, attenuation of the exaggerated immune function or through the PPAR-γ pathway. 38 Moreover, azilsartan effectively attenuates tissue damage and granulation tissue formation in an experimental animal model of non-alcoholic fatty liver disease (NAFLD) 28 and may be suggested as a part of a future therapeutic strategy of chronic inflammatory disorders. Rheumatoid arthritis was a disease of heterogeneous nature, and the use of single disease activity variable for diagnosis and treatment follow up was not considered as a valid or accurate approach. Therefore, we follow the ACR recommendation and utilize multiple variables (eg, DAS-28, HAQ-DI, CDAI or SDAI) for measurement of RA severity and treatment follow-up. 39 The obtained results seem to be consistent in all types of the clinical scores followed during the study, which clearly showed significant reduction in disease activity. However, we cannot exclude the variation in the outcome of the different areas within each evaluation system followed during the study, which may be attributed to the sample size limitation of the study and other factors, including the personal variability in the response to treatment with a biologic agent like etanercept.
Conclusion
Blocking RAS with azilsartan may improve the effects of etanercept on certain clinical markers of disease severity of patients with active RA not responding to methotrexate.
